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studied to date for NO is extremnely high, all three proteins di~lyidentical NO- 3 V B ~ - Cs

with jpding constants on the order of I1oil binding properties, which closely match the 131oCxe",: 313 f
N4 thermre, the kinetics of dis- properties of the whole-gland homogtnates.'C fF~l e ý'

sociation are sl5ow; The rate constant The summed content oft these proteins (293 ,1'c o 1 7
for the release o nd NO fromt human pmol per gland pair) also matc~h 5 P. W R lamp ao 1 !c 3D s qir a-

hemoglobin is on the of l0-1 s'- at content of No, 28; .K'er pair, inca- 18, 5387 (179)
,%Cadnura H() o Fe(lll) surcd in thd as e of Hg. 6 R E Euiel 1)HI -te'e.e J A S

heme proteins bind NO with muc ss Nitric oxide as recently been identified Let?1 55. -E
affinity, with binding constants in the tang as an imporsa signal molecule itvolved in (1969).
of 103 to 10 M-1, and the kinetics of t ulati of vascular tone in vertc- 8 J S. S~a-r;er efal Pro,- Na! A.,ý Sici UA 89
dissociation are faster (kicf I to 40 s-') brates s presence in Rhodni:us saliva 444 (1099?) 1 S Sia~nef e:al, o,: p K2~7
(1C). Thus, an Fe(lIl) heme protein would SUIuesets r 'able case of convergent 9. E cheon 241.V Bf25n~ li3 R "I. 'a

be a much better carrier of NO if release of eoluti .The R eeproteins are H. G~bson. J &Iot Sol 91 - ,.l (1ý7Si

this effector after dilution is required. On well s ed to enhance Ig 'Uccess b.y 10. V S S!ara T, ("7C'ý'
the basis of the spectral changes obser-ved unlo ing the v%--sodilator N hey are ii. G. Pamne, 5iochncs:-.n S26. '3-E-2-78

(Figs. I and 2), it appears likely that an dil d in the host bloodstream; r, 12. H HOri, Al~iIca-S5'tc. 3 'Lang, T ei~ J
Fe(IIl) heme protein may be involved in IN exhibits antiplatelet activity and ma 5,01. Ch-,e.- 285. 15--l- 090C
the Rhodnius salivary vasodilator. pinhibit the formation of thepalt lpairner'eN PstE- a-in -Ia, Ed -A, Ca

To further confirm, the importance of ug (2). Although NO synthesis is related aZ!e 4.TeP'h~s0~ ~
the Fe(lIII) heme protelin, scrre d cut o a variety of functions in vertebrates (2), cha .an:d in (12) aý, (14)
experiments using electron paramagnetic it has previously been reported only once in 14. M. ru I FcA 71. I' P. Fioc

resonance (EPR) spectroscopy. Fe(lll) another invertebrate (16). It remains to be Olson G. Pa IJ 6 Sot Cý,-e', 254, ',21',0
heme proteins have an odd number of seen whether the ability to produce NO is a (1979), .D 1. S fer. AY. R. '-'-n. 3, M,
electrons that exist in a high-spin fo phylogenetically old trait or whether it has Holffman. 'bd p. 4 T, Yasnim .ra, -1 noic.

when penracoordinated and typically gi arisen independently in different lineages. 18. 263 E.Caman1 .5+83 vg

rise to EPR spectral features at spectrose - ibeiro, unpublished resu!sicsecrs 16. M.W. Radornski. .J F. Aarin, S P ada. Phjcsý.icsplitting factors (g) of 6 and 2 (11, REFERENCES AND NOTES Tran~s. R. Soc. London Ser, cR334, 1 99.
Addition of NO to an Fe (Ill) h~eepr emn 17. we thank A. Raiisimrig for obiairing EP
produces an even-electron species t t is 1. J. M. C. Ribeiro, R. Gonzales. 0. Marinaili. Br. J. spectra. Supported by Ni-i g~anis A - l6694
EPR silent (12). The E]R spectra o hod- Pharmacol. 101, 932 (1,990), (J.M.C.R) and DK.31C38 (A,)

niu saivay gandhomgentesbe re and 2. S. Moncada, A. Mv. J. Palmer, E. A. Higgs, Pha!-
nfter epsauvre gl and homognate-ns eead macol. Rev-. 43, 109 (1991). 14 December 1992; accepied 12 February 1993

after subsequent exposure to NO e sho-An
in Figy. 4 (13). Only a weak ignal was
observed for the homogenate fore argon Regulation of TCR Signaling by CD45 Lacking
equilibration, but strong sig s at g = 6
and g =2 were observed aft argon equil- Transmembrane and Extracellular Domains
ibration (Fig. 4, B and D) These signals
disappeared after subsequ t exposure of Siniga Volarevi6, Barbara B. Niklinska, Christopher M. Burns,
the homogenate to NO. e smaillsignai at Carl H. June, Allan M. Weissman, Jonathan D. Ashwell*
3200 G (g = 2.08) tha does not change
with argon or NO equ il ration is probably The CD45 protein is a transmembrane tyrosine phosphatase that is required for normal T
produced by a nonhen -based radical that cell receptor (TCR)-mediated signaling. A chimeric complementary DNA encoding the
accounts for -5%. of he intensity of the intracellular enzymatically active portion of murine CD45 preceded by a short amino-
high-spin Fe(lll) si al. The observation. terminal sequence from p6Oc-src was transfected into CD45- T cells. Expression of this
that the shape of t g = 2.08 signal does chimeric protein Corrected most of the TCR signaling abnormalities observed in the ab-
not change after 0equilibration elimi- sence of CD45, including TOR-mediated enhancement of tyrosine kinase activity and Ca2 l
nates a nitrosyliro (11) center from consid- flux. Thus, the enzymatically active intracellular portion of CD45 is sufficient to allow TCR
eration because at odd-electron species transmembrane signaling.
gives rise to very haracteristic EPR spectral
features in prec ely the same region of the
EPP. Spectrum 14). This characteristic is
shown in Fi 4E, where dithionite has Stimulation of T cells through the antigen, of T cell lines that are deficient in expres-
been added the untreated homogenate specific receptor (TCR) initiates increases sion of CD45 have established that this
solution to oduce the Fe(ll)NO species. in tyrosine phosphorylation (1), phosphati- transinembrane molecule, -whose intracyto-

Chroma focusing of whole-gland ho- dylinositol hydrolysis, and intracellular plasmic domains have intrinsic tyrosine
mogenates n a Mono P column yielded Ca 2+ concentration (ICa24]1) (2). Studies phosphatase activity (3, 4), Participates in
three maj heme proteins, with isoelectric -coupling the TCR to these activation

points (p s) of 7.97, 7.53, and 6.94. The S. Volarevid, B. B. Nikl'inska, C. M . Burns. J_ D Ashwell, events (5, 6). Studies of CD45-deficient
reduce roen ha(paet asso Biological Response Modifiers Program. Laboratory Of ainso amrn el ie A-I

(u roteins had aparent masses of Immune Cell Biology, National Cancer Insltute, Nation- vrat famrn ellnYC1
26.0 2 1, and 23.4 kD and were present al Institutes of Health. Bethesda, MD 20892. have rhnwn thnt CD45 exprees-icn iý ;n-
in a~mo is nf 192, 57.6, and 44.0 pmol pcr C. H. June, Immune Cell Biology Program, Naval versely related to spontaneous tyrosine

gt~~an ir, resspe I- ~~~Medical Research Institute, Bethesda, MO 20889. popoyaino ubro usrtsgiand ir repctively (15). Taken togeth A. M. Weissman, Experimental Immunology Branch, popoyaino ubro usrts
er:, th e three proteins account for at least National Cancer Institute. National Institutes of Health, including the ý chain of the TCR. In
90% the total heme protein content of Bethesda. MD 20892. contrast to the typical rapid lCa2'l, eleva-
the g rids. Preliminary results indicate that 'To whom correspondence should be addressed. tion exhibited by the YAC- I wild-type
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(WVT) cells, stimulation of the CD45- ccis cells. In agreement with the PCR .nl'i, constitutiv ne tyt m c~~flI~
with monroclonal antibodies (mAb) to CD3 this antiserumn detected a protein %kith t hc iae (Fit,~ 2.A). lfusr~ftt~

resulted in delayed, asynchronous JCa` 1 predicted molecular si:e of thie rn'5 r-iCD45 and immumobhrin wýith a " -,L' to phý
oscillations (6). chimeric molecule (-83 kD) in N2.SI , but photyrosine detected a nu'nlcr of fivixr-

Experiments wvere done to determine if not NI, N2, or \21.S4 cell lys~ites (Fig. phosphornilateJ speics in the ( 045- NI
expression of the intracellular portion of IB). A- few nonspecific bands of larger cell and the G418ýrvei'tnt N. cS4 cell thait
CD45 alone is sufficient to restore normal molecular si:c were detected but did nor does niot express the myr iCD45 chirneric
TCR-mediated signaling in CD45 -T cells, correlate with expression of the chimenic molecule. The mc't prominent ýptcics ins-
Since the in %ivo biological activity of mulecule. A arAb to the Nfl--terminAl chided a doublet at '1 and 23 kI), .:)d [lan~is
CD45 migght be dependent upon its loca- portion of Ste was used to imniunioprecipi- at 38, 56, anid 71 1.. In conr'rnt, eX'ress;i1n
tion in the plasma membrane, a cDNA that tate and for immunoblotting and detected a of mvr-iCD45 resulted in a return Of a
encoded a chimeric molecule [the NH,- molecule of the predicted si:e for myr- phosphoryrosine profile si~ rto the WT
terminal first 15 amino acids of p60-~ (Ste) iCD45 in detergent lysistes cf N2.51 and cells, with the exception of the prominent
and the enzymarically active intracellular NI.SICO cells but not the untransfected band at 56 k0 in N2.SI cells. The reason fkir
portion of murine CD451 wkas created (myr- ceils or N2.S4 (Fig. IC). Also shown is a this difference betweeen the two inyr-iCD45--
iCD45, Fig. ]A). The first 14 amino acids control T cell hybridomna that was trans- expressing cells is not k-nown. The doubler
of Src constitute a sequence that results in fected with pp60-"c (9); anti-Ster detected at 21 and 23 1.0 migrated simrnialy to rhcs-
its own myristylation, and can direct heter- pp60`-i1 but not the higher molecular si:e phorylated ý chain of thie TCR in YAC-l
ologous proteins to the plasma membrane baind that represents myr-iCD43. NMyr- cells, which is spontineoukly hvpet-phospho-
(7). Two independent CD45- mutants. NI iCD45 was also detected in total membrane rylared in the absence of CD45 (6). Thle
anj \12, wvere transfected, and stable neo- preparations5 Made from N2.SI and state of ý phiosphorylaýt ion" was d'irec tl dVete:r-
mycin-resistant transfectants from both N I NI .Sl0OJ cells, indicating that at least a Mined bv imimunoprecipi .tarion with serwni
(NI.SlOO) and N2 (N2SI and N2.S4) portion of this molecule was directed to to ý and iininunciblotting with anti-phospho-
cells were obtained. Expression of the membranes (S), although the subcellular tyrosine antibodies (Fig. 2B). No phospho-4
TCR, as judged by flow cytometry, w~as distribution of myr-iCD45 is not yet char- wvas detected in WT cells, whereas the
comparable in all of the cells (6, 8). Poly- acterized. Finally, the m.Ab to Src specifi- CD45- NI and N2.S4 cells expressed thecir
merase chain reaction (PCR) amplification cally precipitated large and similar amounts characteristic phospho-4 doublet. Although a
with oligomers specific for the Ste myrisryl- of tyrosine phosphatase activity from small amount was detected, ý phosphor')la-
ation sequence (5') and COOH-terminal N l.S100 and N2.SI but not NI or N2 tion was tminimal in both of the myr-iCD45--
CD45-sequence (3') detected chimeric cells, indicating that the myr-iCD45 chi- expressing cells, N2.SI and NI.SlCOV (Hg.
transcripts from N2.Sl and NI.SII0i', but mera is enzymatically active (Fig. 10). 2B).
not WT, N I, N2, or N2.S4 cells (8). To Loss of CD45 expression in YAC- I cells Fluctuations in Ica:'] that can be in-
assess the amount of myr-iCD45 protein, results in spontaneous ryrosine hyperphos- duced by stimulation through the TCR
detergent lysates Of Cells Were analyzed by phorylation of a number of proteins (6). To were assessed. WT cells had an early in-
immunoblorting with an antiserumn to the. determine if the myr-iCD45 chimeric pro- crease in ICa'I~ after stimulation (6) (Fig.
cytoplasmic domains of CD45 (-1). Full- tein would substitute for WT CD45 protein 3A). CD45- N I and N2.S4 Cell$ respond-
length CD45 wvas detected only in \WT in regulation of ryrosine phosphorylarion, ed with a smniil and delayed ICa , l, in-

crease, which reflects delayed and asyn-
chronous Ca 2 + oscillations in these cells

Fig. 1. Expression cf A myr-iC045 B ts t after stimulation with mrAbs to CIJ3 (anti-
myr-iCD45 in YAC-1 S D)(6.Temy-C4C 2S n
transfectants. (A) An 1 I PTPase f PTPg1asei Z ' t2 COOH N (6S). c hell mrespo ded ' to .S anndD
expression vector withN211T777;NIS10clsrsoddt niC3%ih
a c:DNA insert encod- Intracelfular CD45 kinetics similar to WVT and with an even
ing the myr-iCD4-5 chi- Z - greater increase in mean lCa-'), than seen
meric molecule was Nj U? in WVT cells. This enhanced response by

prpae (18) Thi iss aý N2.SI and Nl.SIOO cells wvas reproduced
schematic representa- ,.D 106- ---- in three independent experiments and is
tion of the myr-iCD45 -.-rnyt-icm~ due to an increase in the fraction of re-
chimeric protein. The 8-0-sponding cells (60% of WVT cells versus

fluirsth15 aminraidst(i- 8 . 0% of myr-iCD45 transfectants) (Fig. 3B)
cludin the myistyla as well as higher Ica`~), in the responding

tion~30 sit) f Sc re - *P03 population. WVhether the difference in the
shown, as well as the an Oanti-LFAaxmlstmlte -1J ewenW
two 0045 phosphatase mat-t axmlsiuatdla- 1  ewe V
domains. (B) Immunoibtot of YAC-1 derivatives immunopre- 2 and myr-iCD45--transfected cells was a re-
cipitated with antiserum to intracellular 0045 and blotted 20- flection of some propert that differs be-
with the same serum (21). (C) lmmunoiprecipitation and a -: tween whole and truncated CD45 requires
immunoblot of YAC-1 derivatives with a mAb to residues 7 0 15- the analysis of more transfectants.
to 15 of Src (D710. NCt/BCB Repository). 5B2 is a T cell Aciainidcd yoiepopo
hybridoma that expresses v-src (9). (D) Tyrosine phospha- rylation of the TCR ý subunit, another
tase activity of immunoprecipitated myr-iCD45 was mea- 5 ca,!y event in TCR signaling, was also
sured in vitro by release of 3

2p from labeled substrate, as
described (6) except fcr mscdionss (_2&). The 0L 1. - examined (Fig. 4). Unstimulated \VT cells

standard ~ ~ ~ ~ ~ ~ ~ ~ P deitin ofdphaeeprmetlpit r ad a small amount of spontaneous ý ryro-
stndrddeiaios f uliat epeimntl ont ae Zsie hophrlaio tatWa rpilshown. 0045 immunoprecipilaled from WVT cells with a z sn hshr-ainta a ail

mAb to the external domain of 0045 (6) had a A~ cpm of z(within 5 min) enhanced by treatment with
29,700 in the same experiment. These results are represen- Cell anti-CD3. TCR ý from the CD45- cells
tative of three independent experiments. was already hyperphosphorylated and did
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not exhibit ony increas~e uplon stimulation. CD45RB but not CU4 5RB it~i.If 06). If AntiýU- -eI'Cl !'ýf I tIQ ti..(~ Ir re- its t I
Expression of the ni r-tCD-13 <himeric mol- intibodies are used to b-ring (9i 4 5 int that the r;,rb~eadut..iui
ecule resulted in spontalneous ý tyrosine proximity with these molecules, the result- portions of ( 'D45 a-c is .t ttm. o
phosphotyhI'tiin cquivaicix-,t to WVT cells, ing signals may be stimulatory- ori inhibiti -r.., latle tyrorine hpr lm in the 'cz

and stimulation %kiý O inti-CD3 once again depending on the particular interaictions 5rare or for tr.n'nicmbrane 0i,:!1 ý It is
increased phosrho;u! anon. Similar results (17). Whatever the ligand for CD45, its induced by ntbd rusi' .1tie
were obtained with N l.SIL'ir cells (ILI). binding may regulate en:yrniatie activicy or TCR.

Our data show,- thatr the intracellular substrate interactions and hence directly
portion of CD4S, in the abcnece o--f the affect signal transduction. In the case of REFERENCES AND NOTES
transmembrane and external domains, is YAC-I cells, the rransmertbrane and exter- 1 E 0 Hsi c-rat J^CA 7 C-1 &4
sufficient to restore baseline ryrosine phos- nal portions of CD45 appear to be -dispens- 2. J. B, ý:, j 0 y.t/ i E -.:i cl,
phorylation of most substrates and activa- able"; it is still posstble, however, that they 446 j .3 1- A.e~ Aeý
tion-induced Ca2' flux and ryrosine kinase might participate in regulating the response -' 154 i

activity. The CD-45 extracellular domain is to a more physiologic stimulus, such a5 F N K Ao 6s 27'.'~.
391 to 552 amino acids in length, depend- antigen presented oIn the surface of an ( 'q) Tc' -s. 'I.
Ing on the isoforms sgenerated by alternate Cpiem- 265, .14 1 L

mRNNA splicing, and is heavily glycosylared P-c~a1A6 9~~
(11). This variability in the eXtraCC~lluar A SI4 ~rog ~'- C
domain, and the precise regulation of the 60 5C1* J T P,'qe ~s Y L 'xas eli 58, 'p5
pattern of isoform expression during lyrn- wT (99.GAV

00 ./ S4 G169 A e!,,P:ý:<cj cphoid development and activation, implies 2F USA ( 680. A2~'--7 '~
a functional significance far this part of the 2.-- -' -6, S_ voawec e! at, J Exp 1.r 16, 5 -5r3$ ,;molecule (12). The CD45 molecule may be o 4 17 F R CICzss C-,'al. 'aol C,"s o' 154 ~4
a receptor protein tyrosine phosphatase that g 1 oo B Pellma-r el af, 3.u' 34. 3-74 (1 9E$ý)
is regulated by ligand binding (13). The 8U .e soo 8. S0 sevaotrei5 n . svsJ .- i
human B cell molecule CD22 binds the T .9' 60: 9C1 J.~ Jevrn.0ShaeatPo lAa :UA

cell CD45RO form (lacking exons 4, 5, and NIC~;"" 100 8., 174 (199!)a . An~. 'o~h
6) (1.4). In addition, T cell surface CD45 :20- ,. S -'v*--oseatn
interacts with surface molecules on the 10 00 30 A11 y obevl'oma- s e Imn!7 39(9

same cell, such as the TCR, Thy-I, CD2, 0 Time (seconds) 12. 1. S& Trob'r.ige. J Blot Ctie' 266, 2-35117

and D4 15,16).Thee my besom Fg. 1991).
andCD (1, 6).Thremaybesom Fg,3. TCR-medialed increases in [Ca21,. (A) 13. T. Hunter, Cell 58, 1013 (119ge).isoform selectively in these associations, in Mean [Ca2"], and (B) percent of responding 14. 1. Stamenkoic e ta., .bd 66. 1133 11 921),

that CD4 cocaps with isoiforrns other than cells after stimulation with ant i-CD3. The lCa2-1, 15. S. Vola-evit, C. M, Burns, J3. J, Sr,,ss'na,. .3. 0

was determined by flow cylometry according t o Ashwell, Pro.:, Matt Acad. Sci. U SA 87. 7085
the procedure of Rabinovitch and June (24). (1990), B. Schia,'en. Y Sarn::ag. P Aie S,at

Antiphoshotrosie Ani-ýC. Meuer, N.2?u'e 345. 71 (1990).Ant-pospotrosneAnt-c Briefly, YAC-I cells were loaded with 2.5 l.iM 16. U. Dianzani c-I at. Eur .' lmmarnol. 20, 2249
o~ indo-1 (Molecular Probes, Junction City, Ore- (I99My

A B) y on) in HBSS for 25 min at 31'C. After estab- 17. J3. A. Ledbeý!er &,, at., Pro-c. Aa,1l Acad Sci US.A
Cj C lishing base-line values, purified m-Ab to CD3. 85, 8628 (19268).

(0O) ~ .,. 145-2C11 (25), was added to make a final 18. A 1 7-kb X-ra I-D-a t cia' !ragn e! " !Oc-2 In

60- ~ 18 ~concentration of 20 1±g/ml. Cells were analyzed murine CD45 c0%A lconi~amnn '-eu% of itie
2 Reulaionffor viotet:blue fluorescence emission ratio (395 ortaeulrprioifCqo(t( asrr~lFig fo Reuaintft-coned into the pC-DLSRa vector (19) A 5' og-

tO e phosphoryta- nm:500 nm) with an Oriho CytoFtuorograph ncttdeeodganX Is.te5'l5
tion. Unactivated cells flow cylometer (Westwood, Massachusetts). A .amino acids of Sic, and the first ten initracellular

4.-were tysed and immo- standard curve was used to convert this ratio lo amino acids of mrfi'ne C045 was sýnlhesiaedl

nopeciltewih A) absolute [Ca2 ]., Cells with elevated lCa2 j, 5'-ATATACTCGAGCCATGGGC-AGTAGCAA-
m~ t poshoy- (>2 SO above base line) were taken as re- GAGCAAGCC7AAGGACCCCAGCCAGCGCýC-.n'sb t phsphty-GAAAATCTATGATC7GCG'CAAGAAAýAGATCC.rosine or (B) antiserum spnigcel.3. A second anisense o~gonucieotode en~comn-

to.5 passingt a. Imuoboligaturasly occorring Xn-,a I site in th~e
was orme wit anintracellular domnain of CD45 was also sy'sthe-
anliphophoyroinesized: 5'-ATATAGTCGACCCCGGGGCCCTTGT-

25'antibpody. Cells (5 GCAGCAATGTATTTCC-3, The NH,2 erminal
18.- q '0" reusend _____r--~ Z portion of the chmrenic molecute x'sas geerieated

were reupn-by PCR using these oiigosiucleolides and full-
ed in tysis buffer with kO length CD45 cDNA as a template. Afier curttng
tyrosine phosphatase 18- ~with Xho I and Xma 1. the p-urited PCR p~oduct
inhibitors (0.4 mM so-. ~ - was cloned in front of the Xrna 1-Dra I fragmnent of

diu orhoanaat, 34mMEOA, 0m soi-Anti-C03: + + . CUL45 in pC0DLSRa. AMe' reque-)eng the PCR-
diumorlovandat, J mM DTA 10 M sdi-amplified portion of this molecule, the full-lengtih

urn fluicride. and 10 mM sodium pyrophosphate; Fig. 4. Anti-CD3--inducedl tyrosine phospho- chimrera was excised with Xho I (5') and Bgl 3t1(3')
pH 7.6). After centrifugation, supernatants were rylation ot the C chain of the TCR. WT (C045), and cloned into the pH".Pr-I expressioni vector
immunoprecipitaled with either 4G10 (Upstate NI (CD45-), and N2.S1 (myr-iC045*) r"'tls P'~) S'3tiei~'Oa~ ýc cýt'incd ty i.
Biolechrnology, Inc., Lake Placid. New York) or were washed in ice-cold PBS and resuspended troporation of Ni and N2 (CD45-) cells with 10 rpg

of plasmid DNA per 107 cells. Twenty-foot ,oursantfi-( (serum number 551) (23). The immunopre- in complete medium at a density of 5 x 107 after transfeclion the cells were divided into four
cipitales were boiled in sample buffer for 5 min, cells/mI with or without 30 I.g/mI of anti-C03 plates of 96 micictiter wells (10' per we,!) in
and eluted proteins separated by SOS-potyacryl- (1 45-2C1 1) for 5 min at 37'C. The cells were complete mediumn 1RI. 1640 pius 10% retal calf
amide gel electrophoresis (SDS-PAGE). After then washed in ice-cold PBS and the cell pet- serum, 2 mMA glutamine. 5 x 10-5 14 2-mercap-
transfer to nitrocellulose, the proteins were immu- lets immediately frozen. Detergent lysates of toethanol, penicillin'genitamicin) containing G418

noblttedwiththe G1 0anti(I mg/mt. Gibco). One percent of the wells yield-
nobotedwih te G10 nt-phosphotyrosine an- these cells were immunoiprecipilated with anli-C ed 13418-resistant clones. N2 SI and N2,S4 rep-

tibody. After incubation with "II-protein A, the (serum number 551) and immunoblotled with rentclsoandfomiepdntets1
filerswer oiedandautraiogaphd.anti- phosphotyrosine as described in Fig. 2. the same transfection. NI S100 cells were de-
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lived inan independent tianslection of NAi cells enyýa' 2 t n 11e tiC~ds Aa rza,:- 'he CD-45 {.irmly rhy~ic ':i.s'l
The iranslecled cells were ro..2-nely gio.vnfyo 4 to by -ncubal~n !inem -n 10 tO cl atLI (! !_t)> reca ur~ctt~ tl~t
6 weeks in the absence of G4 I w lross (Ae vfsiate for 33 rn~n CAt 30,C and Ecý;prri !,,e l~rlýraf-a*1'si
myr-iCD45 expression. teaciton by addndý 550 ~i of _1% t~tdc~ an isofort -ýpccific r,, er (14).l,c

19. Y, Takebe et al. Mot Cell. Sial 8. 466 (1988) coal in 20 raHiepes bjf'er, pH4 74 A'-:er form spCccfifNtir Ugl' S th.~t cctl~
20. P. Gunning et al. Proc Nall Acad. Sci. U SA 84. cenlr'fugalron. Ine Sýp inatant: Aas cox~nt' n a 'e~ucso D cc~~,lf h

4831 (1987), soinillalon counter. uncsoC- itf,
21. Cells (5 x 10-) were lysed in buffer conwainng 23 C Cenciarellt et al. S:,nc 257. 7c5 (I9C.7) rh tn-plctclnin m cici, "'. rgic it-

0.5% Triton. inmmunoprecipilated mth an anl~se- 24 P S Rabinovi-rc and C H J.Lne, FisCn the hypothe~is ill 1he c v\tr., c i, tt-;-k, it.
rurnto the liniaceLr ponon of CD45. separated 6C.r 3n.%So'7-<I tc-cn a "In 1.1 P Of CD45 il:,c t-, f r ýetoý tl Or
by SOS-.polyac~ylami;e get elecivropnoresis un, Ed Ji'ey-L~ss NeY v';, 990), pp 616
clar reducing cnorlalons. transferred !c- noIocelIu- 25 0. Leo el al. P'oc. 'tIAcad' Sci USA 64, TCR signiing -%n atrateh ch.i
lose, immunobiotted wtih same serum, and devel- 1374 (119&7) is that (fit coi rvrr cij m~ 'mof
oped with 1

25 1-prolein A klCN. Cost.a M~esa, CA). 26. V.e t 'hank i rwroortenIir/oC5 CD-t. tt enn.) te cr tv, be
as described t2l) IHarak for an:;-Src. D Srool for iC~ fizw Cio- ufcetfrC i

22. [Valsl angiole7stn 11 (Sigma) was p~hcsphar-yla!- rrei;rc analyses, and J jensen for expert teo.n:- Fut:n c Rt4nahng..
ed in vitro w.:1 p6Q01~ "I ncogene Science, cal ass~stance. S~ppc-ted in pail tfy Ni!ý2_ We cx, in.cd the rc~uircrticrit f, ex-
Uniondale, NY) and purfled ..i:n PS1 Wnlnn 63'QSA SH"2945 A :19 PZ' 3 The \es ")cni .n sio5fl lU litt cmrot:!~L.'! ..;j111 T.ti
tiler paper. Tuton: X- 100 lysates of 17 5 x 'a tn'1,is ar!,cle a:,? :t-cse cf th)e atasanud co nt-aJ in tCn5tnIR.t~n
cells per point .eere im.ru,,oprec~pitatd min ~ eflect the c',oaI oeol.:y cr ;nsee tot l te DCepa't- rn is4C45m'O ,.,ln
either a mAb iO, LPA-1 (anti-l-FA-1) (F5441,8) or ne-li c4 the Navy. :ep:a-t-nent of Defense. or tnle by u~in 45.01 cellc, 2 mutan't Jeri ncj i"itr
D710. Protein G-ga.Orcse (Gib~c BRL. Gainhers- U S g"Vetrnment, the ian Jurkat T cell line, that ha00c
burg, NID) or protein A-agarose, respectively. Mwas the sotid-phase reagent. After washing, 29 Deemnber t.922 aczcepted 8 Mstaro !993 mar I- dirninishcd surlace c~plci4,n n . f

C(4). The TCR ott this clorc ;,c: !1"t
ýle with either the P1 K .r P1 ý,:Cond

essenger pah RdV.tcconutnutin (-

escue of Signaling by a Chimeric Protein htrne

C tamning the Cytoplasmic Domain of CD45 ecule thasmae by overlap e>xtenfon poy
merase chain reaction (PCR) (16) that
contained the extracuilular and transmcm-Robin . Hovis, Jerald A. Donovan, Michael A. Musci, brane domains of the HLA-A2 allele of the

David G. otto, Frederick D. Goldman, Susan E. Ross major histocompatibiliry complex (IMHC)

GayA. Koretzky* class I molecule and the cyroplaq-mic do-
Gary Main of CD45 (Fig. IA). The A2 molecule

Surface expression of the 45 tyrosine phosphatase is essential for the T 11 antigen was chosen for the chimera because it bears
receptor (TCR) to couple opti ly with its second messenger pathways. 4_5 may be no homology with CD45, is not normally
required to dephosphorlate a T; aciaepotntysneiae, w hte tas expressed on Jurkat cells, and antibodies are
duces an activation signal from the .A chimeric molecule that cont ed extracellular available for staining and immunoprecipita-
and transmembrane sequences from aele of a major histocompatib' class I molecule dion. Additionally, wve find that MHC class
and cytoplasmic sequences of CD45 Irest d TCR signaling in a 5-deficient mutant I molecules do not co-cap with the TCR
T cell line. Thus, expression of the complex racellular domain D45 is not required complex in the Jurkat cell line. Tfransfec-
for thq TOR to couple to its signaling machine tion of vvild-t)-pe A2 or A2-CD,45 chirneric

cDNA resulted in the appearance of clones
expressing large amounts of protein immu-
noreactive with a monoclonal antibody

Surface expression of CD45, a transrnem- these pa are causally linked because (mAb) to A2 (anti.A2) on the cell (Fig.
brane tyrosine phospharase found on all tyrosi pho's lation of phospholipase IB) (]17). These clones have maintatned a
nucleated hematopoietic cells (1), is re- C- LC--yl) is nrial for activation of stable phenotye w~hile in culture f -or great-
quired for efficient signaling through the t I pathway (8). e model for how er than 6 months. Immunoprecipitations
TCR (2-6). Defects in both proximal and 45 regulates TCR ss ling is that it with anti-AZ from biosynthetically labeled
distal signal transduction events have been interacts directly with a R-activated J45/CHIAII cells (345.01 transfected wvith
documented in several CD45-deficient PTK, thought to be a membe f the src the chimeric protein) revealed a protein of
tants, although the precise signaling e- family (9). Each src kinase po, ~ses a the expected molecular si:e (118 kD) seen
notype varies. Ligation of the T on COOl--terminal trrosine that, wvhmn s- on SDS-polyacryilanide gel electrophoicesis
wild-type cells results in the ac iv on of a phorylated, inhibits its PTK functio (IL (SUS-PAGE) that had ry-rosine phospha-
protein tyrosine kinase (PTK) owed by A possible role of CD45 is to dephspho- ase activity in an in vitro assay. We com-
generation of phosphatidyli tol (PI) sec- rylate this residue (11), allowing te PTK p the amount of ryrosine phosphatase
ond messengers (77). Evid esuggests that to interact effectively with the TCR to activ present in membranes prepared

R.R.Fois J A Coni~n . os, eprten o ransduce an activation signal. from Jut J45.01, and J45/1CH11 (Fig.
Itrna. Medicin, J.A.Dnoven Ross DoaClepaten of M The features of CD45 required to pro- 10; expres of the A2-CD45 cl~ir-.a

k'~~~~~~~.~' IwCi.IA2 .moeTR signaling remain unclear. Altr ;ecnsituted p Idtasc dctivity essen-
M. A. Musci. Univers of iowa L.ollege of Medicine, native splicing of the single gene encoding tially to that of %,i e cells.
Iowa City, IA 5224 CD45 gives rise to a number of separate To determine if ex ,sion of the chi-
0. G. Motto, De nt of Physiology and Biophys- isoflorms 1.Teedfe nyi hi ei rti ol v C inlics. University a College of Medicine, Iowa City, 1.Teedfe nyi hi ei rti ol lo C inl
IA 52242. extracellular sequences and have complete ing, we studied Jurkat, N4 1, J45.01
F. 0. Gold , Deparimenil of Pediatrics, University of conservation of their cytoplasmic regions, transfected with wild-tp AZ a several
Iowa Cofl of Medicine, Iowa City, IA 52242. whc
G. A. K ,Departments of Internal Medicine and whc contain two tandem phosphatase independently derived clones ex ing

Pfý and Biophysics, University of Iowa College domains. At least one isoiform of CD45 the A2-CD45 chimera The first signa
of ine, Iowa City. IA 52242. interacts with CD22, a molecule expressed event seen after TCR engagement on wil -

correspondence should be addressed. on the surface of B cells (12). Members of type JUrkat: was the rapid activation of a

SCIENCE * VOL. 260 - 23 APRIL 1993


